A model for a quantum-mechanical weak link between two superconductors is discussed in which the tunneling of electron pairs is described by "isotopic spin" operators (Tl, T2, T3) obeying [T"Tb]=ie, b, T, . In the thermodynamic limit of infinite size for the superconductors, the model reduces to the quantum "Josephson pendulum. " However, the model also holds true for mesoscopic grains, and thus allows for the quantum description of lowest-order finite-size efFects.
In the isotopic-spin representation, In Fig. 1 (21) yields (for the rate of isospin transitions per unit time) quantum-mechanical behavior.
In particular, even in the limit C~~, mesoscopic quanturn mechanics is present. In the context of arrays of weak links, this has been previously discussed.
The isotopic spin formalism, here discussed, is particularly suited to the discussion of quantum-circuit behavior in mesoscopic weak-link systems. The isotopic-spin cornmutation relations dictate the quantum kinematics of the weak-link circuits and allow for a rigorous treatment of quantum phenomena in circumstances in which capacitive electric-field-energy storage can safely be neglected.
